Factors affecting the results obtained by the optimal design method using the finite element and simulated annealing are investigated systematically, and the optimal parameters for simulated annealing method are obtained. The optimal shape of the die mold for orientation of magnetic powder is obtained using the finite element and simulated annealing. The experimental verification is also carried out.
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In order to obtain the optimal shape ( global minimum of objective function ) of a n electric machine, the simulated annealing method [l-21 should be combined with the finite element method. Although it is pointed out that the parameters, such as temperature parameter, used in the simulated annealing affect the convergence characteristics and results obtained, the systematic investigation for the optimal parameter is not investigated in detail.
In t h s paper, the factors affecting the convergence characteristics and the obtained results using the simulated annealing are investigated systematically. The combined method using the finite element and the simulated annealing is applied to the optimal design of the mold of die press with electromagnet for orientation of magnetic powder ( nonlinear magnetostatic problem ). A die press models which correspond to the initial and optimal shapes are produced and the flux distributions are measured . Nt of iterations, the reduction factor rt and the coefficient k related to the initial value of the temperature parameter affect the convergence characteristics and the results obtained.
Manuscript received July 10,1995 , revisedNov. 15,1995 N.Takahashi, e-mail: norio@eplab.elec.okayama-u.ac.jp, Fax: +81-86-253-9522 are specified as Bxio=l, Byio=OT, respectively. The optimal shape of the pole piece which minimizes the following objective fhction is obtained using FEM and the simulated annealing method. Fig.4 shows a model of die press with electromagnet for orientation of magnetic powder [31. This is used for producing anisotropic permanent magnet. The die press is made of steel. The die molds are set t o form the radial flux distribution. The magnetic powder is inserted in the cavity. The ampere-turns of each coil are 9720AT. x-and ycomponents Bx and By of flux density at the points along the line e-f in the cavity are specified as follows:
By = 0.35 sin 0 (TI where 8 is the angle measured from the x-axis.
The shape of the inner die mold is assumed as a circle. The inside shape of the outer die mold is represented by the ellipse and a line parallel t o the xaxis as shown in Fig.4 . Then, the radius L1 of the inner die and the long and short axes L2 and L3 of ellipse and the dimension L4 are chosen as design variables.
The maximum numbers Ns, Nt, reduction factor rt and the coefficient k are chosen as 50, 50, 0.9 and Table IV shows the errors EB and Eo, As the errors of the simulated annealing method is within 1% and 0.4", the obtained result in Fig.5(a) is acceptable from a practical point of view. VI. CONCLUSIONS
The optimal values of parameters for the simulated annealing method are discussed using a typical simple model. It is shown that the optimal shape of the die mold for orientation of magnetic powder can be obtained using the finite element and simulated annealing. The validity of analysis is shown by experiment.
As the parameters of the simulated annealing method depends on problems, more systematic analysis should be carried out usingvarious kinds of models.
